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Abstract
The article presents the structural, technological and ecological features of the new type of silicate binders. The 
binders are used in foundry practice to produce moulds and cores, especially for castings made from non-ferrous 
metal alloys. The nanostructure of binders was described, i.e. the size and decay  of nanoparticles of the diffuse 
binder phase. The technological research showed the beneficial mechanical properties of moulding sands prepared 
with these binders at both ambient temperature and at temperatures of up to 900oC (the residual strength), compared 
to the moulding sands with traditional silicate binders. The residual strength of moulding sands with the new binder 
decreased by about 50% at 800oC. The results of comparative chromatography of the thermal emission rate of 
harmful gases and odours were examined for moulding sands with new silicate binders and with organic binders.
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Hydrated sodium silicate is one of the most popular inorganic binders. The foundry industry has been 
using it for over 50 years in the production of moulding and core sands. Although sands with sodium 
silicate are of a versatile nature, being moreover relatively cheap and characterised by numerous  
advantages, their indisputable drawback is too high residual strength and hence poor knocking out 
properties and difficult reclamation of the used, ceramic sand grains. The formation of sinters resulting 
from the tendency of a Na2OSiO2 system to react with silica can be reduced by reducing the amount of 
binder in moulding sand on condition, however, that its binding properties are improved.
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Some additives and modifiers, e.g. phosphates, improve the sand collapsibility after hardening. The 
knocking out properties and reclamability of the used sand mixture can also be improved with an addition 
of organic hardeners and modifiers, which allow the reduction of hydrated sodium silicate content in 
moulding sand, the best results being obtained when modifiers are introduced at the stage of autoclave 
digestion of sodium silicate glaze [1-3].
According to some researchers [2], the adverse properties of hydrated sodium silicate as a binder 
result, among others, from the fact that its wetting behaviour on the surface of sand grains is less effective 
than that of organic binders. The reason can be absence of the functional groups of the –NH2, =CONH, -
CONH2, -COOH type in the sodium silicate structure. The said groups activate the first stage of the 
formation and development of the structural strength of moulding sands. Therefore it was suggested to 
introduce these groups as modifiers to improve the properties of hydrated sodium silicate. With the 
hydrated sodium silicate they are forming the IPN type networks, that is, the Interpenetrating Polymer 
Networks. The consequence is reduced final strength and hygroscopicity of moulding sands produced 
with an addition of the modified solution of hydrated sodium silicate.
2. Effect of chemical modification of hydrated sodium silicate on selected mechanical 
properties of moulding sand
Based on previous experience [4-6], two types of organofunctional and morphoactive organic 
modifying additives, referred to as modifier "A" (a synthetic thermoplastic polymer) and modifier "B" (a 
copolymer obtained by emulsion polymerisation) were selected. The modification consisted in  
introducing to the hydrated sodium silicate of modulus M = 2 and a density of 1.5 kg/m3 the modifiers in 
an amount of 1.0% in respect of the total sum of oxides (Na2O, SiO2). The physical conditions under 
which the chemical modification was carried out included changes in a mixing regime of the modifier - 
hydrated sodium silicate system, as well as a variable temperature, pressure and time of modification. As 
a result of the carried out modification, silicate binders, designated successively by symbols "B" 2, "A" 3, 
"B" 4, "B" 5, "A" 6, "B" 7 were obtained, while the standard unmodified reference binder was designated
by symbol "0"1. Symbols "A" and "B" mean the type of modifier, while numbers indicate the method by 
which this modifier was introduced to the standard reference hydrated sodium silicate "0”1.
Using these binders and a hardener in the form of ethylene glycol diacetate (flodur1), moulding sand 
containing 2.5 parts by weight of binder and 10% of hardener (in respect of the binder weight) was 
prepared. As a reference moulding sand with an organic binder, the traditional moulding sand with X850 
furan resin binder added in an amount of 0.9 parts by weight, hardened with 100T3 hardener added in an 
amount of 0.45 parts by weight, was prepared. The reference sand was designated by symbol "Z". 
For each binder, tests were also carried out at elevated temperatures, with determination of the, so 
called, final strength, which is an indirect indicator of the sand knocking out properties. The results are 
shown in Figure 1.
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Fig.1 Residual strength of moulding sands with different types of soluble sodium silicate
It was found that the best final strength had the moulding sand prepared with modified hydrated 
sodium silicate designated by symbol "B" 7, and although at temperatures of up to 200oC, the final 
strength of this sand was 11% to 13% higher than the final strength of the moulding sand with unmodified 
silicate binder "0" 1, it was only 5% higher than the final strength of the moulding sand with resin binder 
designated by the symbol "Z". On the other hand, within the investigated range of temperatures, i.e. from 
300oC to 700oC, the final strength of the sand bonded with binder "B" 7 was, for the same range of 
temperatures, lower than the final strength of the moulding sand with unmodified standard reference 
silicate binder "0" 1, showing the drop of about 15% at 300oC, about 65% at 400oC, about 45% at 500oC, 
about 30% at 600oC, and about 50% at 700oC.  
3. Effect of chemical modification of hydrated sodium silicate on its nanostructure
The structure was examined with ZetaSizer Nano made by Malvern Instruments, which is the analyser 
of nano-scale particle size and Zeta potential. The method used in this apparatus for the measurement of 
particle size is the dynamic light scattering (DLS). Based on past experience, in the measurement of 
particle size it was decided to use the solutions with the same 7% content of the total sum of oxides (SiO2,
Na2O), regarded as constituents of the dispersed phase forming the structure of hydrated sodium silicate 
[3, 5-8].
In the majority of the examined binders (except "A" 6 and "B" 7), a bimodal distribution of the size of 
particles was stated, calculated from the intensity of laser light scattering on their surface. In these 
binders, there is a very large group of particles having an average diameter between 1.012 nm and 1.286 
nm. In the case of binders with index 2, 3, 5, 7, the chemical modification has resulted in the formation of 
a small group of particles (or agglomerates) with a large average diameter ranging from 117.5 nm to 
137.2 nm. These particles have a very large share in scattering of the laser light (from 53.9% to 64.6%). 
The only exception are binders with index 4 and 6. In the case of binder "B" 4, the distribution of 
particles is similar to the distribution of particles in unmodified binder "0" 1, while in binder "A" 6, a 
refinement of colloidal structure, revealed in the disappearance of particles of an average diameter larger 
than 0.6586 nm, was observed. Figure 2 shows the distribution of an average diameter of particles and 
fraction share of their number in the examined types of hydrated sodium silicate. 
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Fig.2.  The average diameter of particles and fraction share of their number in the investigated types of  soluble sodium silicate
4. Measurements of the emission rate of aroma compounds during thermal decomposition of 
moulding sands
In the present studies, the measuring equipment in the form of a portable gas chromatograph zNose 
Model 4300 Ultra-Fast GC Analyzer (Fig.3), commonly used for the characterisation of complex 
chemical compounds present in gas phase, was applied. Very low concentrations of harmful substances 
evolved during thermal decomposition of the investigated moulding sands were observed.
These aroma compounds are present in concentrations below 200 Cts at both temperatures of the 
thermal decomposition (500oC and 800oC). The aroma compounds, which occurred most frequently 
during the thermal decomposition of moulding sands at both temperatures, were: methyl laurate, estragole 
and propanol. It was also found that the temperature of the thermal decomposition of moulding sand has 
little effect on the amount of the evolved aroma compounds (the concentrations at 800oC were only 
slightly lower than the concentrations measured at 500oC).
Fig. 3 The gas-chromatograph  zNose 4300 Model Ultra -Fast GC Analyzer
Based on the survey done it can be concluded that concentrations of aroma compounds evolved during 
the thermal destruction of moulding sands are so low that these compounds have no harmful effect on the 
human body.
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5. Evaluation of the thermal destruction of moulding sand in terms of its harmful effect  
Tests were conducted on moulding sand made with unmodified hydrated sodium silicate, with 
hydrated sodium silicate modified with modifiers "A" and "B" and, for the sake of comparison, on the 
sand with organic binder designated by the symbol "Z". The weighed sample of the tested moulding sand 
was introduced to a quartz tube placed in a resistance furnace, type PR-45/1200MF, heated to the required 
temperature. During decomposition, the air was flowing through the tube at a rate of 10 ml/min. The time 
of destruction was 30 minutes. The decomposition products pushed up to the surface by the jet of the 
flowing air were absorbed in the absorption bulb filled with proper absorbing solution, or they were 
adsorbed by the layer of activated carbon in glass tubes and then subjected to chemical analysis, 
determining the evolving  chemicals,  such as formaldehyde, acetic acid, ethylene glycol, ethyl acetate, 
carbon monoxide, nitrogen oxide and carbon dioxide. In the pyrolysis gases emitted from the tested 
moulding sand with resin binder (designated by the symbol "Z"), the following chemical compounds were 
determined:  formaldehyde, ammonia, phenol, furfural, toluene, benzene, xylene, carbon monoxide, 
nitrogen oxide, carbon dioxide, sulphur dioxide. Formaldehyde, phenol and ammonia were determined by 
spectrophotometry. The content of acetic acid, ethylene glycol, ethyl acetate, furfural, toluene, benzene 
and xylene (mixed isomers) was determined by chromatography. Carbon monoxide, nitrogen oxides and 
sulphur dioxide were determined by direct measurement with MRU type gas analyser. The results are 
shown in Tables 1 to 3. 
Table 1 Thermal destruction of moulding sands with soluble sodium silicate at 500oC.
Type of 
modifier
Type of impurities, mg/kg
Formaldehyde Phenol Acetic acid
Ethylene 
glycol
Ethyl 
acetate 
Carbon 
monoxide
Nitrogen 
oxide
Nitrogen 
dioxide
Without 
modifier 1,0 p.o. n.o. n.o. n.o. 37 930
p.o
. p.o.
„A” 1,0 p.o. 13,0 p.o. p.o. 58 580 p.o. p.o.
„B” 1,0 p.o. n.o. n.o. n.o. 52 780 2680 p.o.
p.o. - below determination
n.o. – not determined
determination:  formaldehyde: 0,001 mg/sample
                         phenol: 0,002 mg/sample       
acetic acid:1 mg/sample      
       ethylene glycol: 1 mg/sample     
                        ethyl acetate; 0,4 mg/sample
                    carbon monoxide: 1,16 mg/sample
                    nitrogen oxide: 1,34 mg/sample
                    nitrogen dioxide: 2,05 mg/sample
Table 2 Thermal destruction of moulding sands with soluble sodium silicate at 800oC.
Type of 
modifier
Type of impurities, mg/kg
Formaldehyde Phenol Acetic acid
Ethylene 
glycol
Ethyl 
acetate 
Carbon 
monoxide
Nitrogen 
oxide
Nitrogen 
dioxide
Without  
modifier p.o. p.o. n.o. n.o. n.o. 2 320 2 680 p.o.
„A” 1,0 p.o. 6,3 p.o. p.o. 4 640 1 340 p.o.
„B” p.o. p.o. n.o. n.o. n.o. 3 480 2 680 p.o.
p.o. - below determination
n.o. – not determined
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determination: formaldehyde: 0,001 mg/sample
                         phenol: 0,002 mg/sample
        acetic acid: 1 mg/sample
        ethylene glycol: 1 mg/sample
                          ethyl acetate; 0,4 mg/sample
                         carbon monoxide: 1,16 mg/sample
                         nitrogen oxide: 1,34 mg/sample
                          nitrogen dioxide: 2,05 mg/sample
Table 3 Thermal destruction  of  moulding sand with resin binder “Z”  at 500oC and 800°C.
0C Type of impurities, mg/kg1 2 3 4 5 6 7 8 9 10 11
500 p.o. 97,0 4,0 p.o. 34,4 5,1 2,1 648440 1 340 2 050 211 640
800 p.o. 193,0 3,0 p.o. 1,4 0,3 0,3 34800 1 340 2 050 660 660
1 – Formaldehyde, 2 - Ammonia, 3 - Phenol, 4 - Fural, 5 – Toluene, 6 – Benzene, 7 - Xylene, 8 – CO, 9 – NO, 10 - NO2, 11 - SO2
p.o. - below determination
n.o. – not determined
determination  formaldehyde: 0,001 mg/sample
                        phenol: 0,002 mg/sample
                        ammonia: 0,03 mg/sample
                        xylene: 0,2 mg/sample
                        phenol: 0,002 mg/sample
                        carbon: 1,16 mg/sample
                        fural: 1 mg/sample
                        nitrogen: 1,34 mg/sample
                        toluene: 0,2 mg/sample
                        benzene: 0,2 mg/sample
                        NO2: 2,05 mg/sample
                        SO2: 2,86 mg/sample
6. Conclusions
The physicochemical and structural studies carried out on materials making up the system known as 
"moulding sand" as well as the technological investigations of this system when produced with an 
inorganic binder of a new generation in the form of chemically modified hydrated sodium silicate enabled 
selection of the best modifier and method of its introduction to the hydrated sodium silicate. It has been 
stated that the technological properties of sands with modified silicate binders determined at ambient 
conditions do not undergo any significant changes, compared to similar properties of moulding sands with 
the unmodified silicate binder. On the other hand, a marked improvement of the high-temperature 
technological properties has been stated, especially in the examined range of 400oC to 700oC. A 
significant reduction of the final strength of moulding sands with modified binder in this temperature 
range, compared to the final strength of moulding sands prepared with unmodified hydrated sodium 
silicate, should enable the use of the former compositions in the manufacture of moulds and cores for 
aluminium alloys. Studies of the gas evolution rate at 500oC and 800oC indicate that type of modifying 
additive has little effect on the sand toxicity index, compared to the toxicity index of the sand made with 
unmodified hydrated sodium silicate.
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